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SUMMARY 
An investigation to determine the blade torsional deflection of 
three supersonic-type propellers at various operating conditions has 
been conducted on the ~\CA 6,OOO-horsepower propeller dynamometer in 
the Langley l6-foot transonic tunnel and at the Langley propeller static 
test stand . The propellers tested in the tunnel were the Curtiss-
Wright 109622 (3 blades, 9 . 75-foot diameter) and the WADC-Aeroproducts 
propeller (3 blades, l2-foot diameter). Blade torsional deflection was 
measured for these propellers at the 0 .75 radial station at forward Mach 
numbers up to 0.96 and rotational speeds up to 2,100 rpm at several 
blade angles. The NACA 10-(3)(049)-03 two-blade propeller was tested 
at the Langley propeller static test stand at zero advance for blade 
angles of 00 , 40 , 80 , and 120 (measured at the 0 . 75 radial station) at 
rotational speeds up to 1,800 rpm. Blade torsional deflection of this 
propeller was measured at the 0.70 radial station. 
The results of the investigation indicate that the blade-torsional 
deflection of supersonic-type propellers can be appreCiable, but can be 
predicted by theory with good accuracy. Propellers having thin blade 
sections experience an increased torsional stiffening effect as indicated 
by theory. A c.omparison of calculated and measured values of blade tor-
sional deflection for the Curtiss-Wright propeller indicated that the 
aerodynamic twisting moment about the flexural axis was negligible when 
a majority of the propeller-blade sections were operating at supersonic 
speeds. 
Calculations of blade torsional deflection for the WADC -Aeroproducts 
propeller indicate that for an off - design condition of operation, for 
instance, the propeller operating as a brake, blade torsional deflection 
can be several times the value of the design condition of operation. 
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INTRODUCTION 
In the design of a supersonic - type propeller aerodynamic considera-
tions dictate use of thin blade sections. However, propellers having 
thin sections also have a low value of torsional rigidity and are sus-
ceptible to blade torsional deflection (or blade twist). To assure 
attainment of maximum efficiency at the design condition of operation, 
a knowledge of the magnitude of the blade torsional deformation while 
operating is important so that it can be included in the blade design. 
Previous optical measurements of blade twist (ref. 1) for pro-
pellers thicker than the present supersonic-type propellers indicated 
blade twist was not negligible but could be computed with good accuracy. 
The object of the present investigation was to measure the magni-
tude of the blade twist for supersonic- type propellers and ascertain 
whether blade twist could be , accurately predicted by theory . It was 
also desirable to determine whether thin propeller blades experience 
an increase in torsional stiffness greater than that obtained from 
membrane analogy as indicated in reference 2 . 
The scope o~ the present paper is not confined to a specific case 
of propeller operation, but through analysis and application of measured 
and calculated values of blade twist for the three propellers tested, 
the entire propeller operating range is encompassed . In the analysis, 
the relative magnitude of blade twist for the different operating con-
ditions and the effect of blade twist on the aerodynamic and f l utter 
characteri stics of a propeller are noted. 
The propellers tested are the Curtiss -Wright 109622, the WADC-
Aeroproducts, and the NACA 10-(3)(049) - 03 . The first two propellers 
mentioned were tested in the Langley 16- foot transonic tunnel at for-
ward Mach numbers up to 0.96 and rotat ional speeds to 2,100 rpm. The 
NACA 10-(3)(049)-03 propeller was tested at the Langley propell er static 
test stand at zero advance for rotational speeds up to 1,800 rpm. Blade 
twist was measured at the 0.75 radial station for the WADC -Aeroproducts 
and Curtiss -Wright propellers and at the 0.70 radial station for the 
NACA 10- (3)(049)-03 propeller. 
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SYMBOLS 
blade chord, ft 
angle from bottom dead center to reference prism loca-
tion at which light is reflected to photoelectric cell) 
deg (fig . 5) 
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M 
N 
n 
blade- section design lift coefficient 
power coefficient, P/ pn3n5 
thrust coefficient, T/pn2n4 
power- coefficient loading 
thrust - coefficient loading 
propeller diameter, ft 
Youngs' modulus of elasticity, lb/ sq ft 
shear modulus of elasticity) lb/s~ ft 
blade- section maximum thickness, ft 
advance ratio, V/ nD 
torsional- stiffness constant (based on membrane 
theory), ft4 
3 
total torsional- s t iffness constant fo r 16- ser ies sections , 
J' ~ + 0 . 0145 ~(*)2b2 (~)J' ft4 (ref . 2) 
Mach number of advance 
aerodynamic torsional moment, ft - lb 
tensile torsional moment, ft - lb 
planipetal t orsional moment, ft - lb 
pr opeller tip Mach number 
pr opeller r otational speed, rpm 
propeller rotationa l speed, rps 
4 
P 
R 
r 
T 
t 
v 
x 
y 
z 
l30.75R 
l$ 
p 
Subscripts: 
o 
1 
x 
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power, ft - lb / sec 
propeller- tip radius, ft 
radius to a blade element, ft 
thrust, lb 
time difference hetween signal from reference prism 
and signal from prism on propeller blade, sec 
velocity of advance, fps 
fraction of tip radius, r/R 
distance from propeller rotational axis to horizontal 
plane through light source, ft (fig. 5) 
horizontal distance from l i ght source to plane of 
rotation of pr opeller, ft (fig . 5) 
blade angle, deg 
static blade angle at 0 . 75 radial station) deg 
torsional deflection, deg 
air density, slugs / eu ft 
geometric helix angle, t - 1 J an -, 
nX deg 
reference or zero operating condition 
any operating condition other than the reference condition 
fraction of tip radius, r/R 
APPARATUS 
Test facilities. - The Curt i ss-Wright 109622 propeller and the WADC-
Aeroproducts propell er were tested in the Langley 16-foot transonic 
tunne l . The operat i onal and flow characteristics of the tunnel are 
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given in reference 3. When the dynamometer and cylindrical body were 
installed in the test section, the axial Mach number distribution (as 
shown in fig. 1) differed from that given in refere~ce 3. A descrip -
tion of the airstream calibration and the results obtained with the 
dynamometer and cylindrical body installed in the 16-foot transonic 
tunnel are given in reference 4 . 
The NACA 10-(3)(049) -03 propel ler was tested at zero advance at 
the Langley propeller static test stand . 
5 
Dynamometer.- For the wind- tunnel tests the two 3)000- horsepower 
units of the dynamometer were coupled in tandem with the propeller 
installed on the forward unit. A long cylindrical body extended from 
a point upstream of the minimum- area section of the tunnel to the pro-
peller spinner (fig. 1). The cylindrical body was placed upstream of 
the spinner to produce a radially uniform axial flow field at the pro -
peller plane. The arrangement of the dynamometer and cylindrical body 
in the wind- tunnel test section is shown in figure 1 and a photograph 
is shown in figure 2. A complete description of the 6,000-horsepower 
dynamometer is given in reference 5. 
For the tests at the Langley propeller static test stand, only one 
unit of the dynamometer was used. A photograph of the static - test-
stand installation is given in figure 3 . 
Optical deflectometer .- Propeller-blade torsional deflection was 
measured by means of an optical deflectometer. The essential components 
of the deflectometer are a concentrated arc light source) a photoelectric 
cell) a propeller-blade prism) a reference prism) and an electronic 
counter . A complete description and operating procedure for the opti-
cal deflectometer are given in reference 6 and a sketch (fig. 4) shows 
the arrangement of some of the components of the deflectometer inside 
a protective fairing which was mounted at the base of the front -unit 
dynamometer support strut. The fo llowing brief description as to how 
the deflectometer operated is given to permit an understanding of modi -
fications made to the deflectometer for the wind- tunnel tests. 
Light from the concentrated source is reflected from a prism mounted 
on the propeller blade and from a reference prism on the hub (or spinner) 
to the sensitive portion of a photoelectric cell. At the photoelectric 
cell the light signals are converted to electrical signals) amplified) 
and then fed into an electronic counter which measures the time differ-
ence between the two signals. Blade twist can be determined at a given 
propeller operating condition when the following are known : time dif-
ference between the propeller blade prism signal and the reference prism 
signal) propeller rotational speed) and the position of the photoelectric 
cell from the plane of rotation and the axis of rotation . 
For the wind-tunnel tests it was found necessary to modify the static-test-stand version of CY\ 
the instrument (ref. 6). A separate light source and photoelectric cell were needed for the ref-
erence pr ism to i nsure a high- intensity reflected spot of light at the photoelectric cell . Pre -
liminar y tests using only one light source to cover both the propeller-b lade prism and the ref-
erence prism pr oduced a low- intensit y reflected spot of light at the photoelectric cell which in 
t urn pr oduced a weak electrical signal . This weak signal could not be detected at high tunnel -
noise levels . A schematic diagr am ( fig. 5) shows the location of the deflectometer components 
for the wind- tunnel tests . 
Operation of the optical deflectometer at the Langley pr opeller static test stand, pr ior to 
the tunnel tests , aided in the devel opment of the instrument . However, ther e were problems that 
occurred during t he tunne l tests that seriously limited the reliability of the instrument and 
conse~uently pr evented obtaining complete blade- twist data for all the pr opell er tests . Vibra-
tion due to tunnel operation at high speeds was t he major obstacle that prevented obtaining com-
plete data . Eventually the components inside the protective fairing wer e isolated in a manner 
that hel ped r educe the effect of vibration . 
Propeller s .- The important geometrical pr opert ies of t he t hree propellers tested are given 
in the following table and the radial var iation of hlb, biD, and ~ is shown in figure 6: 
Propeller Diameter, Number of Blade section Plan form Thickness ratio ft blades 
Curtiss-Wright Solid steel NACA Rectangular h/ b = 0.06 at x = 0.27 
109622 9 ·75 3 16-series (14-in . chord) h/ b = 0.02 at x = 1.00 symmetrical 
Tapered (linear) : 
I 
WADC- Solid steel NACA 
b = 19 . 55 in . 
h/b = 0.06 at x = 0 .27 12 . 00 3 16- series at x = 0 .27; Aeroproducts 
symmetrical b = 14 . 07 in. h/ b = 0 . 02 at x = 1.00 
at x = 1.00 
Solid duralumin 
NACA NACA 16- series ; Rectangular h/ b = 0 .11 at x = 0 .27 
10- (3)(049) -03 10.05 2 c1d = 0 ·30 from ( 8- in. chord) h/b = 0.025 at x = 1 . 00 
root to tip 
----
r 
~ 
~ 
~ 
t-i 
Vl 
\.>l 
H 
I-' 
0\ 
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TESTS 
Blade- twist data were obtained in the wind tunnel and at the static 
test stand in essentially the same manner. At each test point five 
readings were taken on the electronic counter . Blade-twist was then 
calculated for each reading and the results averaged. The electronic-
counter readings were not averaged directly because it was desired to 
note the ability of the instrument to repeat data in terms of blade 
twist rather than a time interval in seconds . Since the optical deflec-
tometer measured a change in blade angle from a reference operating con-
dition to any operating condition, it was found necessary to correct the 
measured values· of blade twist by a calculated value at the reference 
condition of operation. The reference condition of operation was chosen 
as the lowest rotational speed at which a constant number of revolutions 
per minute could be held. 
WADC -Aeroproducts propeller .- In the wind-tunnel investigation of 
the WADC -Aeroproducts propeller, the primary objective was the determi-
nation of the I-P vibratory characteristics of the propeller, and the 
tests were run at or near zero thrust. The zero- thrust condit ion for 
a given blade- angle setting was maintained by increasing the stream Mach 
number and the propeller rotational speed up to the maximum rotational 
speed (2,100 rpm). Blade twist was measured during the tests at the 
0 . 75 radial station for ~0.75R = 19 .7° and 39 .10 at forward Mach num-
bers up to 0.74 . 
Curtiss -Wright 109622 propeller. - The wind- tunnel tests of the 
Curtiss -Wright 109622 propeller, for which b l ade-twist data were obtained 
at the 0 .75 radial station, were made at constant forward Mach numbers 
for ~0.75R = 54 .70 and 60 .20 . Since the primary purpose of the Curtiss -
Wright propeller wind-tunnel tests was the determination of the aero-
dynamic characteristics of the propeller, the rotational speed was varied 
(at a constant stream Mach number) to obtain data from a lightly loaded 
to a heavily loaded condition . The maximum stream Mach number and rota-
tional speed at which blade twist was measured were 0 . 96 and 2,080, rpm, 
respectively. 
NACA 10-( 3)(049) - 03 propeller.- Blade twist was measured at the 
0 . 70 radial station for ~0 .75R = 0°, 4°, 8°, and 12° at zero advance 
for rotational speeds up to 1 ,800 rpm for the NACA 10-(3)(049) - 03 pro -
peller . This two-blade propeller has one solid blade and one b l ade in 
which tubes were embedded for measuring the surface pressures at several 
chordwise and spanwise stations . For t his investigation the prism was 
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mounted on the solid blade of the propeller. Generally for the blade-
angle settings where the rotational- speed range is limited, the limita-
tion was caused by flutter or failure of the deflectometer equipment. 
ACCURACY 
Blade twist . - It was determined during the' calibration test of the 
optical deflectometer that the instrument could measure the change in 
propeller-blade -angle setting with an accuracy equal to that with which 
the propeller blade could be set (±0 .05°). The calibration curve for 
the instrument is shown in figure 7. 
During the propeller tests in the wind tunnel and at the static 
test stand, anyone of the five readings taken at a given test point 
agreed with the average of the five readings within ±0.05°. Another 
indication of the accuracy of the instrument was its ability to repeat 
data for a complete test run . A repeat run made during the test of the 
WADC propeller indicated that an agreement of 0 .100 existed between the 
two sets of data. 
Based on the calibration tests and a study of the data obtained 
from the instrument, it is believed that the optical deflectometer 
measured changes in blade angle of an operating propeller within ±0.100. 
Propeller rotational speed and Mach number.- Propeller rotational 
speed was determined with an accuracy of ±1/4 of a revolution per minute 
and the stream Mach number was known to ±0.01. 
METHODS AND CALCULATIONS 
Data Reduction 
The test data obtained during the investigation of the NACA 
10- (3)(049) - 03 propeller were reduced to blade twist using the following 
equation (see ref . 6) : 
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During the wind-tunnel tests of the WADC-Aeroproducts and Curtiss-
Wright propellers the deflectometer reference signal did not register 
on the photoelectric cell when the blade was in the bottom vertical 
position, as it did for the NACA 10-(3)(049)-03 propeller tests, there-
fore a correction c was employed in the equation used to reduce the 
measured parameters to blade twist. The following equation for blade 
twist was used: 
Values of c = 3.00 and 20.50 were recorded for the WADC-Aeroproducts 
and Curtiss-Wright propellers, respectively. 
Calculated values of bLade twist (by the method given in the fol-
lowing section), based on centrifugal effects only, are tabulated for 
the following reference test conditions at the 0.75 radial station for 
the WADC-Aeroproducts and Curtiss-Wright propellers and at the 0.70 radial 
station for the NACA 10-(3)(049)-03 propeller: 
Rotational speed at f30 . 75R, £$, Propeller reference condit i on, 
rpm deg deg 
WADC-Aeroproducts 600 19 .7 0.28 39.1 .20 
Curtiss-Wright 600 54.7 .08 60.2 .11 
0 .13 
NACA 10-(3)( 049) -03 500 4 .12 8 .10 
12 .09 
Theoretical Blade-Twist Calculations 
Values of blade twist at several test conditions were calculated 
for the WADC-Aeroproducts, Curtiss -Wright, and NACA 10-(3)(049)-03 pro-
pellers. In calculating the values of b l ade twist the method used was 
similar to that given in reference 1: 
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In this e~uation the blade twi st at any radia l station is a function 
of the aerodynamic twi sting moment Ma, the tensile tors ional moment Mc ' 
the planipetal tors ional moment Mp , the shear modulus of elasticity G, 
and the total torsional-stiffness constant J T '. A complete description 
of the variables in the blade-twist e~uation is given in reference 1; 
briefly Ma can increase or decrease the blade angle depending on the 
chordwise l ocation of the center of pressure re l ative to the flexural 
axi s, Mc tends to increase the blade angle, and Mp decr eases t he 
blade angle (for positive blade-angle settings). 
For the cal culated va l ues of b lade t wist in which the aerodynamic 
twisting moment was evaluated, lift coefficient, drag coefficient, and 
pitching-moment coefficient were obtained from references 7, 8, and 9. 
For some of the cal cul ations it was necessary to extrapolate the data 
presented in these references for l ower thickness rat i os and higher 
angles of attack. 
As noted in reference 2, thin propellers having high activi t y fac-
tors will exhibi t an increase in torsional stiffness above the calculated 
tors ional stiffness obtained from membrane analogy (ref. 10) . The cal -
cul ated values of b l ade twist presented in this report are based on a 
total torsional-stiffness constant J T' which cons iders t his increase 
in torsional st i ffness. For a thin symmetrical 16-series a irfo il 
section: 
where J' is the value of the torsional-stif fness constant based on 
membrane a~logy a nd has t he following value f or a symmetrica l NACA 
16-seri es airfoil section J' = 0.1793bh3 (ref . 2). 
In calculating the blade twist for a given condition, it was nec-
essary to perform on the average three iterations before convergence 
was assured to the extent that blade twist could be determined within 
t o .03° of a final value. An i terative process is necessary because the 
- - - - ~--~----~---
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moments i nvolved in the blade-twist equation are a function of blade 
angle or the slope of the curve of blade angle plotted against propeller 
radius. 
RESULTS AND DISCUSSION 
WADC -Aeroproducts propeller.- Measured values of blade twist are 
presented in figure 8 as a function of propeller rotational speed for 
~0.75R = 19.70 and 39.10. Rotational speed was chosen as a parameter 
for plotting the data because blade twist was found to be primarily a 
function of centrifugal force. A maximum value of 2.5~ of blade twist 
was measured at 2)100 rpm for the 19.70 blade angle. At the 39.10 blade 
angle) the maximum measured value of blade twist was 1.710 at 2)075 rpm. 
Examinat i on of the effect of blade-angle variation on the centrifugal 
twisting moments indicates that the larger value of blade twist measured 
at the lower blade angle i s to be expected. For positive blade-angle 
settings) the planipetal twisting moment tends to decrease the propeller 
blade angle) and) for a given rotational speed) its magnitude varies as 
the sin 2~. The tensile untwisting moment) which tends to ' increase 
blade angle is not a function of blade angle but of the pitch distribu-
tion of the propeller) and remains constant for a given rotational speed 
as the propeller blade angle varies. The summation of the two moments 
at a given rotational speed will therefore give a larger net moment at 
the l ower blade-angle setting. 
Calculated values of blade twist in which only centrifugal effects 
were considered are a l so presented on figure 8 at both blade angles 
(~0.75R = 19.70 and 39. 10 ). The calculated and measured values of blade 
twist for the 19.70 blade angle were found to be in excellent agreement 
at 1)300 rpm and differed by 0.470 at 2)050 rpm. At the 39.10 blade 
angle the calculated values were from 0.20 to 0.40. higher than the meas-
ured values. When the aerodynamic twist ing moment was included i n the 
calculations it tended to decrease t he total calculated values at 
2)050 rpm for both blade angles by 0.100 . Since the WADC-Aeroproducts 
propeller was operating at or near zero thrust throughout the inves -
tigation) the small contribution of the aerodynamic moment is not sur-
prising. The inclusion of the aerodynamic twisting moment brings the 
agreement between measured and cal culated values of blade twist at 
2)050 rpm within 0.350 for both blade angles. This agreement is con-
sidered herein as fair. 
Curtiss -Wright propeller.- Measured values of blade twist at the 
0.75 radial station are presented in figure 9 for the Curtiss-Wright 
propeller as a function of propeller rotational speed at several Mach 
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numbers for ~0 . 75R = 54 . 70 and 60 . 20 • Analysis of the measured data 
i ndicates that for the 54.70 blade angle the values of blade twist are 
practically independent of Mach number and rotational speed . For the 
three Mach numbers presented in figure 9(a) (M = 0.S9, 0.93, and 0.96) 
the magnitude of blade twist varies from about 0 .60 to O.so . At the 
60 . 20 blade-angle setting (fig . 9(b)) the measured values of blade 
twist are within a band from 0 .40 to 0 . 90 for the three Mach numbers 
(M = 0 . 89 , 0 . 93, and 0 .96) shown for all values of rotational speed. 
There does not appear to be any consistent variation of ~ with 
rotational speed as forward Mach number is varied . If the faired data 
for the three Mach numbers were superimposed upon each other for rota-
tional speeds up to 1 ,700 rpm, the curves would agree with each other 
within the accuracy of the measurement s. An explanation of why this 
agreement is reasonable will be given in the following discussion of 
the calculated results. 
Calculated values of blade twist in which only centrifugal effects 
were considered are also presented in figure 9. The agreement between 
measured and calculated results is excellent at ~0.75R = 54.70 
(fig. 9 (a)) while at ~0.75R = 60 . 20 ( f ig. 9(b)) discrepancies of 
about 0 .200 occur between the calculated and measured data. The results 
indicate that the aerodynamic contribution to blade twist for this pro-
peller must be very small. This is indicated by theory and results of 
airfoil tests in which it can be shown that the center of pressure of a 
thin symmetrical airfoi l in supersonic flow moves from the subsonic 
Quarter-chord l ocation to near the midchord location . For an NACA 
16- series airfoil section in supersonic flow, therefore) the center of 
pressure would be very close to the center-of-gravity location (or 
flexural axis) and very little aerodynamic twisting moment would be 
expected . Noting the high tip Mach numbers and forward Mach numbers 
of the data pr esented in figure 9, it is concluded that the aerodynamic 
contribution to blade twist for the Curtiss -Wright propeller should be 
small. 
NACA 10- (3)(049)-03 propeller . - Actually the NACA 10-(3)(049)-03 
propeller is not in the supersonic - type propeller category based on pres-
ent section-thickness-ratio criteria for supersonic propellers. The 
radial thickness-ratio distribution of the NACA propeller would probably 
put it in a category between the subsonic and supersonic propeller. How-
ever, for purposes of analysis and lack of data at zero advance for the 
WADC-Aeroproducts or Curtiss-Wright propeller, the NACA 10-(3)(049)-03 
propeller has been included in the d i scussion of blade twist of super-
sonic propellers. 
Measured values of the blade twist at the 0.70 radial station for 
the NACA 10-(3)(049)-03 propeller are presented in figure 10 as a func-
tion of propeller rotational speed for ~0 .75R = 00 , 40 ) So , and 120 at 
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zero advance . The maximum measured value of blade twist for this pro-
peller was 1.960 at ~0.75R = 40 and 1,800 rpm. For the other blade 
angles (00 , 80 , and 120 ), data were not obtained at as high a rotational 
speed and the maximum measured values of blade twist were considerably 
lower than at ~0.75R = 40 • For rotational speeds from 500 to 1,000 rpm, 
the measured values of blade twist are about the same for the four blade 
angles at a given rotational speed. The fact that blade twist is inde-
pendent of blade angle in thi s speed range indicates that the aerodynamic 
twisting moment is probably increasing as blade angle increases and off-
sets the planipetal twisting moment tending to decrease the blade twist. 
This is substant i ated by the decrease in the calculated values of blade 
twist, based on centrifugal effects (aerodynamic effects neglected), at 
a given rotational speed as blade angle is increased (fig. 10). In 
general the agreement between measured and calculated values (based on 
centrifugal effects) is excellent below 1,000 rpm. Above 1,000 rpm the 
two sets of data diverge. When the aerodynamic twisting moment was 
evaluated for the highest rotational speed at each blade angle the fol-
lowing agreement between measured a nd calculated data was obtained: 
a . For ~0.75R = 00 and 1,350 rpm, the aerodynamic twisting moment 
decreased the calculated blade twist (based on centrifugal effects) by 
0.180 and gave perfect agreement between the measured and total cal-
culated values. This decrease in blade twist due to aerodynamic effects 
is reasonable because a large portion of the blade is operating at nega-
tive angles of attack. 
b. At ~0.75R = 40 and 1,800 rpm, the aerodynamic twisting moment 
increased the cal culated b lade twist (based on centrifugal effects) by 
0.40 and the agreement between the measured and total calcul ated values 
was within 0.150 • 
c . At ~0.75R = 80 and 120 at rotational speeds of 1,150 and 
1,100 rpm, respectively, the aerodynamic twist i ng moment increased the 
calculated val ues of blade twist (based on centrifugal effects) to total 
values about 0.200 above the measured values. It shoul d be noted that 
for these two blade-angle settings it was necessary to extrapolate the 
two- dimensional airfoil data to higher angles of attack for the inboard 
blade stations. 
An overall analysis of the measured and total cal culated values of 
blade twist (centrifugal and aerodynamic effects evaluated) indicates 
excellent agreement . 
The general conclusions to be drawn from the data presented at zero 
advance are that blade twist can be calculated (based on centrifUgal 
L 
14 NACA RM L53I16 
eff ects) accurately f or lightly loaded conditions of operation; however , 
there are indications that the aerodynamic twisting moment should be 
evaluated when the propeller loading increases due to either an increase 
in rotational speed or b l ade- angle setting. 
Analysis of the measured a nd calculated results for the three pro -
pellers tested . - An analysis of the measured and calculated values of 
total blade t wi st for the three propellers tested indicates excellent 
agreement for the NACA 10- (3)(049) - 03 propeller, good agreement for the 
Curtiss-Wright propeller , and good to fair agreement for the WADC -
Aeroproducts propeller (depending on the rotational 'speed under con-
s i deration) . In analyzing the cal culated results , the effect of the 
increased torsional stiffness for the three propellers was noted . The 
radial variation of the increased torsional -sti ffness factor JT'jJ' 
for the three propellers i s given i n figure 11 . From this figure it may 
be noted that t he WADC -Aeroproducts propeller has the greatest value of 
the additional torsional- stiffness factor for almost all blade radial 
stations. The Curtiss -Wright propeller also exhibits a high value of 
the increased tors i onal stiffness factor but not as great as the WADC -
Aeroproducts propeller. The NACA 10- (3)( 049) -03 propeller shows the 
smallest value of the addit i onal torsional-stiffness factor 
' (JT'jJ' :::::1.10 ). 
In the derivation of the total tor s ional-stiffness constant J ' T 
(ref. 2), the assumption was made that to the first approximation plane 
cross sections remain p l ane under tors ional deformation. It is possible 
therefore that for large values of blade torsional deformation the values 
of the tot al torsional- stiffness constant used to calculate b l ade twist 
may be sub ject to second- order effects . It woul d be expected then that 
the calculations of blade torsional deflection for the WADC -Aeroproducts 
propeller with its large torsional deflections and large torsional-
stiffness factor woul d be influenced to a greater degree by any second-
order effects on the evaluation of the total torsional-stiffness con-
stant than would the calcul at i ons for the Curtiss-Wright or the 
NACA 10- ( 3)( 049) - 03 propeller. 
Comparison of blade twist for the Curtiss -Wright propeller and the 
WADC -Aeroproducts propell er .- A d i rect compar ison of the measured values 
of blade twist for the Curtiss -Wright propeller and the WADC -Aeroproducts 
propeller is not possibl e since data were not obtained under comparable 
conditions ( ~ , rotational speed, and forward velocity). I t is eVident, 
however, from the data already discussed that the WADC-Aeropr oducts pro -
peller is twist i ng more than the Curtiss-Wright propeller . In order to 
as certain t he relative values of b lade twist for the two propellers on 
a comparable baSiS, blade twist has been calculated (based on centrifuga l 
effects) along the blade radius f or ~0 . 75R = 500 at 2,100 rpm (fig. 12). 
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A value of ~0.75R = 2.490 was calculated for the WADC-Aeroproducts 
propel ler and ~0 .75R = 0.790 for the Curtiss-Wright propeller. In 
an effort to determine the contributing factors causing the difference 
in blade twist for the two propellers, the components entering into 
the calculations have been isolated and are presented in figure 12. 
Isol ation of the components i ndicates that the value of the torsional-
stiffness constant J T ' for the WADC-Aeroproducts propeller i s 
4. 94 times greater than for the Curtiss-Wright propell er at x = 0.30, 
and 2.25 times greater at x = 0.70. The net centrifugal moment 
(Mc - Mp), however, for the WADC-Aeroproducts propeller is 6.43 times 
greater than the Curtiss-Wright propeller at x = 0.30 and 17.50 times 
greater at x = 0.70. Inspection of the radial variation of J T ' and 
Mc - Mp for both propellers indicates that Mc - Mp is proportionately 
higher all a l ong the blade radius for the WADC-Aeroproducts propeller 
than the corresponding JT'. Therefore, since both propellers are made 
of steel (G is the same) it would be expected that the WADC-Aeroproducts 
propeller would twist more than the Curtiss-Wright propeller. 
Radial d istribution of blade twist.- Since the measured data pre -
sented in this report for the various propellers tested are at one 
radial station only, an insight as to the radial distribution of blade 
twist ' will have to be obtained from calculated values of blade twist. 
In figure 13 the calculated radial distribution of blade twist for the 
WADC-Aeroproducts propeller at several values of rotational speed at 
~0 .75R = 19.70 i s presented. The calculated curves shown do not include 
aerodynamic effects, but as has been shown previously the aerodynamiC 
contribution to b l ade twist for this propeller, operating at zero thrust, 
was small. A value of 3.860 of blade twist was calculated at the pro-
peller tip compared with 2.920 at the 0.75 radial station for 2,050 rpm. 
For the other rotational speeds shown in the figure the blade twist at 
the tip was also about 35 percent greater than that at the 0. 75 radial 
station. 
Effect of increased torsional stiffness.- To illustrate the impor-
tance of including the increased torsional stiffness of thin propellers 
in the calculation of blade twist, a calculation has been made for the 
WADC-Aeroproducts propeller operating at 2,050 rpm and ~0.75R = 19 ·~ 
in which the increased torsional stiffness has been neglected. The 
results of this calculation are presented in figure 13 for compar i son 
with the previously discussed radial values of blade twist in which the 
increased torsional stiffness was considered. At the 0.75 radial station 
the calculated value of blade twist neglecting the increased torsional 
stiffness (based on J') is 6 .100 • When this value is compared with the 
calculated value of 2.920 (alSO at 2,050 rpm and ~0.75R = 19 .~) but in 
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which the increased torsional stiffness has been considered (ba sed on 
JT'), it becomes r eadily apparent how important it is that increased 
stiffness of thin propellers b e considered . Had the increased tor-
sional stiffness not been i ncluded, a value of blade twist 109 percent 
too high would have been calculated. The present blade- twist measure -
ments indicate t hat thin propellers do experience an increased tor-
sional stiffness greater than t he torsional stiffness indi cated from 
the membrane analogy . 
Variation of blade t wist with b l ade angle at a constant rotational 
speed .- The variat ion of b l ade twist with blade angle for a constant 
rotational speed i s interesting because the overall picture of blade 
t wi st under various operating condit i ons is obtained for a constant-
speed pr opeller. Calculat ions of blade twist (based on centr ifugal 
effects) at x = 0.75 for t he WADC -Aeroproducts propeller at various 
blade angles and at a rotational speed of 2,050 rpm are pr esented in 
figure 14. The majority of the blade angles selected for the cal cu-
l ations are the same as those for whi ch the propeller vibratory char-
acteristics were determined during t he wind- tunnel tests. The 
~0 . 75R = -150 b l ade angle represents the propeller operating as a 
brake. The minimum value of blade twist is 2.i4° and occurs at 
~0 .75R = 400 • As noted in the discussion of the measured results for 
the WADC -Aeroproducts propeller, the tensile untwi sting moment which 
tends to i ncrease the propell er blade angle remains constant for a 
given rotational speed as the blade angle is varied} whereas the plani-
petal twisting moment which tends to decrease the propell er blade angle 
varies as the sin 2~. It is therefore evident t hat t he planipetal 
t wisting moments along the blade radius have attained a maximum result-
ant value at ~0 . 75R = 400 since the algebraic sum of the two centrifu -
gal moments produces the minimum value of blade twist. For blade angles 
higher or l ower than 400 } the value of blade twist increases. The maxi-
mum value of blade twist for the cal culated data presented i n figure 14 
occurs at ~0.75R = -150 and has a magnitude of 6 .990 • 
Examination of the general magnitude of b l ade twist at l ow positive 
blade angles (fig . 14) indicates that blade twi st will have an adverse 
effect on the stall-flutter characteristics of the propeller. For 
i nstance} if a flutter speed for a given propeller has been estimated 
on the basis of i ts static blade-angle setting (blade torsional deforma-
tion under operating conditions negle cted), it may be found when the 
propeller is actually tested that the rotational speed at flutter may 
be considerably l ower than was estimated if the propeller blade has 
t wisted to a higher angle than the static value . It is conceivable 
t hat} for a very thin propeller} blade twis t may be of a s ufficient 
magnitude to prevent flutter - free operation for any blade-angle sett ing 
G 
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thus resulting in what is known as a closed flutter boundary at high 
rotational speeds. 
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Effect of blade twist on the aerodynamic characteristics of a 
propell er. - The effect of blade twist on the aerodynamic characteristics 
of a propeller has been cal culated for one operating condition. In cal-
culating the effect of blade twist it was assumed in one case that the 
propeller was rigid in torsion (static pitch d i stribution not altered 
by propeller operation) and each blade section operated at an angle of 
attack for maximum LID at the design condition of operation. In the 
second case it was assumed that the propeller was not rigid in torsion 
and at the design condition of operation each section operated at an 
angl e of attack greater than the angle for maximum LID by an amount 
equal to the b l ade twist at 'the sect i on. The design condition of 
operat i on assumed for both calcul ations was M = 0.95, J = 2.20, 
rotational speed, 2,100 rpm, and altitude, 40,000 feet. The geometry 
of the prope l ler was identical to the WADC-Aeroproducts propeller for 
both cases except that it had a static pitch distribution of 
~x ¢o + a.(L/D)rnax x x 
It should be noted that induced effects have not been incl uded in the 
calculations. For t he nonrig i d propeller, a radial b l ade twi st equal 
to that calcul ated for the WADC -Aeroproducts propeller at 2,100 rpm 
and ~0.75R = 43.070 (based on centr i f ugal effects) was asswned at 
the operating condition. The results of t he cal culations are given in 
the following tabl e: 
Thrust coef f i cient, Power coefficient, 
Propell er Eff i c i ency CT Cp 
Rigid 0·777 0.0924 0.2618 
Nonrigid 
·751 .1375 .4030 
Although the eff i ciency i s onl y decreased by 2 . 6 percent for t he non-
rigid propell er, t he t hrust and power coefficients are changed by as 
much as 50 percent. A plot of t he resul t i ng t hrust-coefficient and 
power-coefficient l oadings i s s hown in f igure 15 together with t he 
calcul ated variation of b l ade twist. It s hould be pointed out, however, 
that for constant-speed propeller operation t he l arge cal culated changes 
in thrust and power coeff ic i ents woul d not occur s ince t he bl ade angle 
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would be reduced slightly to maintain a constant power absorption. A 
loss in efficiency would still occur since the majority of the blade 
sections will operate at angles of attack greater or less than the 
angle for maximum LID. 
CONCLUSIONS 
Measurement and calculation of blade-torsional deflection for 
the supersonic-type propellers investi gated led to the following 
conclusions: 
1. Blade-torsional deflection of s upersonic-type propellers can 
be appreciable. A maximum value of blade-torsional deflect i on of 2 .570 
was measured at the 0 . 75 radial station for the WADC-Aeroproducts pro-
pell er for ~0.75R = 19 .~ at 2,100 rpm. 
2. In general the agreement between measured and calculated values 
of b l ade-torsional deflect i on was good; however, for the WADC-Aeroproducts 
propel ler a discrepancy of 0.350 exists at the higher rotational speeds. 
3. The aerodynamic twisting moment at supersonic blade section 
speeds f or the Curtiss -Wright propell er was negligible as is indicated 
by theory. 
4. Ca lculations of the aerodynamic twi sting moment for the 
NACA 10-(3)(049) -03 propeller, which was operated at Zero advance and 
subsonic tip Mach numbers, indicate that the aerodynamic contribution 
to blade twist can be appreciable. 
5 . Thin propeller blades experience an increased torsional stiff-
ness greater than the torsional stiffness indicated by membrane analogy. 
6 . Blade twist calculations for the WADC-Aeroproducts propeller at 
a constant rotational speed and cons idering centrifugal effects only 
i ndicate that blade twist for an off-design condition of operation, for 
instance) the propeller operat ing as a brake) can be several times the 
val ue at the design condition of operation. 
Langl ey Aeronautical Laboratory, 
National Advisory Committee for AeronautiCS, 
Langley Field) Va.) August 31, 1953. 
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Figure 2 .- Downstream view of dynamometer installed in the Langley l 6- foot 
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Figure 3 .- NACA 10- (3)(049) - 03 propeller mounted on one unit of the 
6000- horsepower propeller dynamometer at the Langley propeller 
static test stand . 
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Figure 12 . - Variation of calculated blade torsional deflection based on 
centrifugal effects, Mt - Mp , and JT' for the WADC -Aeroproducts 
and Curtiss-Wr i ght 109622 propelle~s at ~0 . 75R = 500 and 2,100 rpm. 
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Figure 13. - Calculated radial variation of blade torsional deflection 
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propeller . 00 . 75R = 19.7°. 
34 NACA RM L53U 6 
7.2 
(~ 
\ 
6.4 \ 
f\ 
56 
\\ 
\ 
\ 
Ol 
Q) \ 
"0 
a: 4 .8 
[\ 
\\ l() I'-: 0 
co... 
<l 
c 
0 
~ 
u 
Q) 
..... 
Q) 
"0 
0 
c 
0 
If) 
~ 
2 
Q) 
"0 
0 
m 
\ 
4 .0 \. 
" 
f\ 
' " 
3.2 
''t 
"-
2 .4 "" 
"" 
\.:.. 
'---- V 
--0 ~ 
1.6 
.8 
~-
I 1 I 
-10 o 10 20 30 40 50 60 
Bla de angle , (3o.75R ,deg 
Figure 14 . - Calculated var i ation of blade torsional deflection based 
on cent rifugal e f f ects wi th blade angle f or WADC-Aeroproducts 
pr opell er at 2 , 050 rpm . 
NACA RM L53I16 35 
0> 
<l> 
"0 
ci 
<l 
Higld propeller ((3x=!Zlo+o..(LlD)Max
x
) 
c 3.0 
0 
+-
-- - - Non rigid ((3x = ~Ox + Q( L/D)Maxx + 6(3 x) 
U 
<l> 
"- 20 <l> 
"0 
f.--- ...... -
...--. 
.// 
0 ./ 
c 
0 
<f) 1.0 .... 
~ 
.// 
./ 
./ 
.......... 
<l> 
...... 
"0 
0 ...... ---
co 0 
.8 
--
.7 .28 
./ 
'\ 
.// 
,/ 
--
...... 
,/ v ...... ~ 
.6 .24 dCT 1-/ v/ CfX-
" 
'" 
/ v/ / ~x .5 ~lx .20 
-0-0 -0"0 
,,/ 
dCp 
~ / > V --.-dx 
0> 0> X ,// 
"" 
I-- f,.---
" 
f---c 
-0 
0 
0 
+-
c 
<l> 
U 
"-
"-
<l> 
0 
u 
I 
.... 
<l> 
:;; 
0 
0... 
C 
.4 
-0 .16 
0 
0 
// /' 
"" 
........-~ f---f--~ '\/ ....-
-
+-
.3 c .12 <l> 
U 
"-
"-
<l> 
0 
. 2 u 08 I 
+-
<f) 
:::J 
.... 
£: 
// 
,/ ~ 
--
---/ V 
--// V V V / 
~ V/ V /,/ 
V;; V 
V 
.1 
f-
.04 
~ 
o I I I 
.3 .4 5 6 .7 .8 .9 1.0 
Fraction of propeller tip radius, x 
Figure 15.- Effect of blade tors i onal deflection on the aerodynamic 
characteristics of the WADC -Aeroproducts propeller considering the 
propeller as rigid in one case and free to twist for another case. 
M = 0.95; J = 2.20; rotational speed, 2,100 rpm. 
